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Combustor fuel supply assembly and related method

A system includes a turbine fuel supply system

(40). The turbine fuel supply system includes a first tur-
bine fuel mixer (52) configured to mix a first liquid fuel
(42) and a first deaerated water (15) to generate a first
fuel mixture. The first fuel mixture is configured to com-

bust in a combustor (16) of a gas turbine engine (10).
The turbine fuel supply system also includes a deaerated
water flow path (70) configured to route the first deaer-
ated water (15) to the first turbine fuel mixer (52) and a
liquid fuel flow path configured to route the first liquid fuel
to the first turbine fuel mixer (52).
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
combustion systems, and, more particularly, to supplying
liquid fuel to gas turbine engines.

[0002] Various combustion systems include combus-
tion chambers in which fuel and air combust to generate
hotgases. Forexample, agas turbine engine may include
one or more combustion chambers that receive com-
pressed air from a compressor, inject fuel into the com-
pressed air, and generate hot combustion gases to drive
the turbine engine. Each combustion chamber may be
supplied with one or more different fuels, such as gase-
ous fuels and liquid fuels. Certain materials may be mixed
with the fuel to affect combustion efficiency and/or pro-
duction of by-products, for example. Unfortunately, some
materials may not mix readily with the fuel, thereby de-
creasing performance of the gas turbine engine.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope
with the originally claimed invention are summarized be-
low. These embodiments are not intended to limit the
scope of the claimed invention, but rather these embod-
iments are intended only to provide a brief summary of
possible forms ofthe invention. Indeed, the invention may
encompass a variety of forms that may be similar to or
different from the embodiments set forth below.

[0004] In a first aspect, the invention resides in a sys-
tem including a turbine fuel supply system. The turbine
fuel supply system includes a first turbine fuel mixer con-
figured to mix a first liquid fuel and a first deaerated water
to generate a first fuel mixture. The first fuel mixture is
configured to combust in a combustor of a gas turbine
engine. The turbine fuel supply system also includes a
deaerated water flow path configured to route the first
deaerated water to the first turbine fuel mixer and a liquid
fuel flow path configured to route the first liquid fuel to
the first turbine fuel mixer.

[0005] In a second aspect, the invention resides in a
system including a byproduct sensor configured to trans-
mit an input signal indicative of a sensed byproduct con-
centration in an exhaust from a gas turbine engine. The
system also includes a byproduct controller configured
to receive the input signal from the byproduct sensor and
transmit an output signal to at least one control element
to adjust a fuel-water ratio in a mixture of a liquid fuel and
a deaerated water if the sensed byproduct concentration
is above a threshold level. The control elementis respon-
sive to the output signal. The mixture of the liquid fuel
and the deaerated water is configured to combust in a
combustor of a gas turbine engine.

[0006] Inathird aspect,theinventionresidesina meth-
od including supplying a liquid fuel to a mixer, supplying
a deaerated water to the mixer, mixing the liquid fuel with
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the deaerated water using the mixerto generate a mixture
of the liquid fuel and the deaerated water, and supplying
the mixture of the liquid fuel and the deaerated water to
a combustor of a gas turbine engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings, in which:

FIG. 1 is a block diagram of an embodiment of a
turbine system having a combustor;

FIG. 2 is a block diagram of an embodiment of a fuel
supply system for a turbine combustor; and

FIG. 3 is a block diagram of an embodiment of a heat
recovery steam generator that supplies deaerated
water.

DETAILED DESCRIPTION OF THE INVENTION

[0008] One or more specific embodiments of the
present invention will be described below. In an effort to
provide a concise description of these embodiments, all
features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.

[0009] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.

[0010] As discussed in detail below, certain embodi-
ments provide systems and methods for supplying a fuel
to a turbine combustor. For example, the turbine com-
bustor may be a gas turbine combustor disposed in a
gas turbine engine. The gas turbine combustor may also
combust a liquid fuel, such as diesel fuel. For example,
the gas turbine combustor may primarily combust a gas-
eous fuel, such as natural gas, and combust the liquid
fuel when the gaseous fuel is unavailable. Thus, even if
a supply of gaseous fuel is interrupted, operation of the
turbine combustor may continue. However, use of gas-
eous fuel may be preferable, as combustion of the liquid
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fuel may be less efficient than combustion of the gaseous
fuel and combustion of the liquid fuel may generate more
byproducts (such as nitrogen oxides [NO,], sulfur oxides
[SO,], carbon monoxide [CO], particulate matter, and so
forth) in an exhaust from the gas turbine engine than
combustion of the gaseous fuel. In further embodiments,
the liquid fuel may be in the form of a slurry.

[0011] When liquid fuel is used in the gas turbine com-
bustor, water may be mixed with the liquid fuel prior to
introduction into the gas turbine combustor to help im-
prove the combustion efficiency and/or to reduce byprod-
uct(e.g.,NO,, SO,, CO, or particulate matter) production.
The added water may aid in cooling the reaction zone in
the gas turbine combustor, which reduces byproduct pro-
duction. Specifically, the water turns into steam in the
reaction zone, which helps to reduce the temperature of
the reaction zone. In certain embodiments, a mixer may
mix the water and liquid fuel together. In addition, in var-
ious embodiments, the water may be deaerated water,
which may be defined as water from which air and/or
other dissolved gases have been removed. As described
in detail below, mixtures of deaerated water and liquid
fuel may produce longer-lasting emulsions compared to
mixtures of non-deaerated water and liquid fuel. In other
words, a mixture of deaerated water and liquid fuel may
remain mixed for a longer period of time before separat-
ing compared to a mixture of non-deaerated water and
liquid fuel.

[0012] Further, mixing deaerated water with the liquid
fuel prior to introduction to the gas turbine combustor
may offer other advantages, such as improving combus-
tion efficiency or reducing byproduct production, for ex-
ample. In certain embodiments, the temperature of the
deaerated water may be greater than the temperature of
the liquid fuel. Thus, the temperature of the mixture of
deaerated water and liquid fuel may be greater than the
temperature of the liquid fuel alone. For example, the
deaerated water may be between approximately 100 de-
grees Celsius to 175 degrees Celsius, or 125 degrees
Celsius to 150 degrees Celsius. The liquid fuel may be
at an ambient temperature, which may be less than ap-
proximately 60 degrees Celsius. When the deaerated
water is mixed with the liquid fuel, the temperature of the
resulting mixture may be between approximately 75 de-
grees Celsius to 150 degrees Celsius, or 100 degrees
Celsiusto 125 degrees Celsius. Thus, by mixing the liquid
fuel with the deaerated water, the liquid fuel (e.g., mix-
ture) may be heated to improve combustion without a
separate fuel heater. In addition, increasing the temper-
ature of the mixture of deaerated water and liquid fuel
may cause a decrease in the viscosity of the mixture.
Decreasing the viscosity and increasing the temperature
of the feed to the gas turbine combustor may help im-
prove combustion efficiency. For example, at lower vis-
cosities and higher temperatures, the feed in the gas tur-
bine combustor may atomize better, thereby improving
combustion efficiency and reducing byproduct (e.g.,
NO,, SO,, CO, or particulate matter) production.
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[0013] Incertainembodiments, abyproduct(e.g.,NO,,
SO,, CO, or particulate matter) sensor may be located
in the gas turbine engine and may sense a byproduct
concentration of the exhaust from the gas turbine engine.
In further embodiments, the byproduct sensor may send
signals indicative of the sensed byproduct concentration
to a byproduct controller, which may then send signals
to one or more control elements to adjust a ratio of the
liquid fuel to deaerated water if the sensed level of the
byproduct concentration of the exhaust is above a thresh-
old level of the byproduct concentration. For example, if
the sensed level of the byproduct concentration of the
exhaust is above the threshold level of the byproduct
concentration, the byproduct controller may send a signal
to the control elements to decrease the ratio of liquid fuel
to deaerated water. One of the control elements may be
a control valve that decreases a flow rate of the liquid
fuel and another control element may be a control valve
that increases a flow rate of the deaerated water. Simi-
larly, if the sensed level of the byproduct concentration
of the exhaust is below the threshold level of the byprod-
uct concentration, the byproduct controller may send a
signalto the control elements toincrease the ratio of liquid
fuel to deaerated water.

[0014] Turning now to the drawings and referring first
to FIG. 1, a block diagram of an embodiment of a turbine
system 10 having a gas turbine engine 11 is illustrated.
The turbine system 10 may use liquid or gaseous fuel,
such as natural gas and/or a synthetic gas, to drive the
turbine system 10. As depicted, one or more fuel nozzles
12 intake a fuel supply 14. For example, one or more fuel
nozzles 12 may be used to intake liquid fuel and one or
more other fuel nozzles 12 may be used to intake gase-
ous fuel. In addition, the fuel nozzles 12 may intake a
deaerated water supply 15 when the turbine system 10
uses liquid fuel. As described in detail below, the dis-
closed turbine system 10 mixes the liquid fuel with the
deaerated water supply 15 upstream from and/or within
the fuel nozzles 12. Mixing the liquid fuel with the deaer-
ated water 15 may improve the combustion efficiency of
the gas turbine engine 11 and/or reduce production of
byproducts (e.g., NO,, SO,, CO, or particulate matter)
from the gas turbine engine 11. The fuel nozzles 12 then
partially mix the fuel, or the fuel-water mixture, with air,
and distribute the fuel, water (when used), and air mixture
into a combustor 16 where further mixing occurs between
the fuel, water (when used), and air. Although shown
schematically as being outside or separate from the com-
bustor 16, the fuel nozzles 12 may be disposed inside
the combustor 16. The fuel, water (when used), and air
mixture combusts in a chamber within the combustor 16,
thereby creating hot pressurized exhaust gases. The
combustor 16 directs the exhaust gases through a turbine
18 toward an exhaust outlet 20. Although only one com-
bustor 16 is shown in FIG. 1, in certain embodiments, a
plurality of combustors 16 may be arranged circumfer-
entially about the gas turbine engine 11. Each of the plu-
rality of combustors 16 may include separate fuel nozzles
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12. As the exhaust gases pass through the turbine 18,
the gases force turbine blades to rotate a shaft 22 along
an axis of the turbine system 10. As illustrated, the shaft
22 is connected to various components of the turbine
system 10, including a compressor 24. The compressor
24 also includes blades coupled to the shaft 22. As the
shaft 22 rotates, the blades within the compressor 24
also rotate, thereby compressing air from an air intake
26 through the compressor 24 and into the fuel nozzles
12 and/or combustor 16. The shaft 22 may also be con-
nectedto aload 28, which may be avehicle or a stationary
load, such as an electrical generator in a power plant or
a propeller on an aircraft, for example. The load 28 may
include any suitable device capable of being powered by
the rotational output of turbine system 10.

[0015] FIG. 2 illustrates a block diagram of a turbine
fuel supply system 40 of the combustor 16 of the gas
turbine engine 11, asillustrated in FIG. 1. In the following
discussion, the term "valve" is used to refer to any device
capable of operating as a flow control. As illustrated, a
liquid fuel 42 may be supplied to the combustor 16. Ex-
amples of the liquid fuel 42 include, but are not limited
to, hydrocarbon based liquid fuels, such as diesel fuel,
jetfuel, gasoline, naphtha, fuel oil, and so forth. The liquid
fuel 42 is routed to the combustor 16 via a liquid fuel flow
path 44, which may include a liquid fuel supply valve 46.
The liquid fuel flow path 44 may also include a liquid fuel
manifold 48, which may be used to supply the liquid fuel
42 to a plurality of mixing assembilies 49 (as indicated by
ellipses), which may be, for example, arranged circum-
ferentially about the liquid fuel manifold 48. In certain
embodiments, the liquid fuel manifold 48 may be config-
ured as a ring with a circular or polygonal shape. Each
of the plurality of mixing assemblies 49 may be coupled
to one of the plurality of combustors 16 arranged circum-
ferentially about the gas turbine engine 11. The liquid
fuel supply valve 46 may be used to adjust and/or isolate
flow of the liquid fuel 42 to the liquid fuel manifold 48. In
certain embodiments, each mixing assembly 49 may in-
clude a liquid fuel mixing valve 50, which may be used
to adjust a flow rate of the liquid fuel 42 to a liquid fuel
mixer 52 disposed in each mixing assembly 49.

[0016] In certain embodiments, a portion of the liquid
fuel 42 may be routed to a pilot fuel flow path 54, which
may include a pilot fuel supply valve 56. The pilot fuel
flow path 54 may be used when first starting the com-
bustor 16 with the liquid fuel 42. For example, the pilot
fuel flow path 54 may flow a lower flow rate of the liquid
fuel 42 than the liquid fuel flow path 44. In certain em-
bodiments, the flow rate of the liquid fuel 42 through the
pilot fuel flow path 54 may be between approximately 5
percent to 50 percent, 10 percent to 35 percent, or 15
percent to 25 percent of a normal, or regular, flow rate.
Alow flow rate of the liquid fuel 42, which may be referred
to as pilot fuel, may be used to first start the combustor
16. Afterwards, the liquid fuel flow path 44 may be used
to supply the normal, or regular, flow rate of the liquid
fuel 42 to the combustor 16. During startup of the com-
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bustor 16, the liquid fuel 42 from the pilot fuel supply valve
56 may be routed to a pilot fuel manifold 60, which may
be used to supply the pilot fuel to the plurality of mixing
assemblies 49 (as indicated by ellipses). In certain em-
bodiments, the pilot fuel manifold 60 may be configured
as aring with a circular or polygonal shape. The pilot fuel
supply valve 56 may be used to adjust and/or isolate flow
of the liquid fuel 42 to the pilot fuel manifold 60. In certain
embodiments, the mixing assembly 49 may include a pi-
lot fuel mixing valve 62, which may be used to adjust a
flow rate of the liquid fuel 42 to a pilot fuel mixer 64 dis-
posed in the mixing assembly 49. After startup of the
combustor 16, the pilot fuel flow path 54 may no longer
be used to supply the liquid fuel 42 to the combustor 16.
Instead, a gaseous fuel 66 may be supplied to the pilot
fuel manifold 60 via a gaseous fuel flow path 67, thereby
purging the liquid fuel 42 from the pilot fuel manifold 60
with the gaseous fuel 66. Examples of the gaseous fuel
66 include, but are not limited to, methane, natural gas,
syngas, and so forth. The gaseous fuel flow path 67 may
include a gaseous fuel supply valve 68, which may be
used to adjust and/or isolate flow of the gaseous fuel 66.
Purging the pilot fuel flow path 54 with the gaseous fuel
66 may help prevent the liquid fuel 42 from coking or
oxidizing in the pilot fuel flow path 54 when notin use. In
other embodiments, other gases, such as nitrogen, car-
bon dioxide, steam, and so forth, may be used to purge
the pilot fuel flow path 54 when not in use.

[0017] The deaerated water 15 may be supplied to the
combustor 16 via a deaerated water flow path 70, which
may include a deaerated water supply valve 72. Deaer-
ated water may be generated by contacting water with
steam to strip, orremove, dissolved gases from the water.
The solubility of dissolved gases generally decreases at
higher temperatures, so the high temperature of the
steam helps to drive off the dissolved gases. For exam-
ple, in a tray-type, or cascade-type, deaerator, water
flows downward through perforations formed one or more
perforated trays and steam flows upward through the per-
forations. In a spray-type deaerator, water is sprayed
downward into rising steam. In both types of deaerators,
the steam carries away the dissolved gases from the wa-
ter to generate the deaerated water. Another method of
generating the deaerated water 15 is vacuum degasifi-
cation, in which wateris placed under areduced pressure
(e.g., a vacuum) to reduce the solubility of the dissolved
gases. Other methods of deaeration, such as membrane
degasification, may also be used to generate the deaer-
ated water 14. The deaerated water may include between
approximately 5 parts per billion (ppb) by weight to 10
ppb by weight, 3 ppb by weight to 25 ppb by weight, or
1 ppb by weight to 50 ppb by weight of dissolved gases
(e.g., oxygen or carbon dioxide). One example of deaer-
ated water 15 is boiler feedwater, which may be supplied
by a water treatment system and used to supply a boiler
to generate steam or hot water. The boiler feedwater may
be treated by the water treatment system to help prevent
corrosion and fouling in the boiler. Another source of the
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deaerated water 15 is a heat recovery steam generator,
as discussed in detail below.

[0018] The deaerated water supply valve 72 in the de-
aerated water flow path 70 may be used to adjust and/or
isolate a flow of the deaerated water 15 to a deaerated
water manifold 74, which may be used to supply the de-
aerated water 15 to the plurality of mixing assemblies 49
(as indicated by ellipses). In certain embodiments, the
deaerated water manifold 74 may be configured as aring
with a circular or polygonal shape. As shown in FIG. 2,
the deaerated water 15 is supplied to the liquid fuel mixer
52 and the pilot fuel mixer 64 of each of the plurality of
mixing assemblies 49. In addition, the mixing assembly
49 may include a deaerated water liquid fuel mixing valve
76 and a deaerated water pilot fuel mixing valve 78. The
deaerated water liquid fuel mixing valve 76 and the de-
aerated water pilot fuel mixing valve 78 may adjust a flow
of the deaerated water 15 to the liquid fuel mixer 52 and
the pilot fuel mixer 64, respectively. The liquid fuel and
pilot fuel mixers 52 and 64 may mix the liquid fuel 42 with
the deaerated water 15 to form an emulsion, which may
be defined as a mixture of two of more immiscible liquids.
Examples of the liquid fuel and pilot fuel mixers 52 and
64 include, but are not limited to, mixing tees, in-line mix-
ers, static mixers, paddle mixers, blenders, ribbon blend-
ers, and so forth. For example, a mixing tee may include
two pipes, or lines, coming together at a tee.

[0019] Mixtures of the deaerated water 15 and the lig-
uid fuel 42 form improved emulsions compared to mix-
tures of non-deaerated water and the liquid fuel 42 for
several reasons. When two immiscible liquids are mixed,
droplets of one liquid will be dispersed throughout the
other liquid. For example, when a hydrocarbon liquid is
mixed with water, droplets of the hydrocarbon liquid will
initially be dispersed throughout the water. However, the
droplets of the hydrocarbon are hydrophobic and will
eventually coalesce to form a hydrocarbon phase sepa-
rate from a water phase. Removal of dissolved gases
from water to form deaerated water may enhance the
ability of the hydrocarbon droplets to break away, or de-
tach, from the hydrocarbon phase when mechanically
disturbed. For example, the liquid fuel mixer 52 or the
pilot fuel mixer 64 may be used to mechanically disturb
the mixture of the deaerated water 15 and the liquid fuel
42, e.g., ahydrocarbon based liquid fuel, to form a stable
emulsion. Additionally, removal of dissolved gases from
water may aid in the detachment of hydrocarbon droplets
that would otherwise coalesce to form the hydrocarbon
phase. In other words, the hydrophobic attraction of drop-
lets of the liquid fuel 42 to one another in the deaerated
water 15 may be reduced, thereby enhancing detach-
ment of the droplets of the liquid fuel 42 and emulsion
formation. Such emulsions of the deaerated water 15 and
the liquid fuel 42 may be stable for extended periods, for
example, up to several days or longer. Thus, the mixture
of the deaerated water 15 and the liquid fuel 42 may be
expected to remain an emulsion, without separation,
downstream of the liquid fuel mixer 52 and the pilot fuel
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mixer 64. Additionally, the mixture of the deaerated water
15 and the liquid fuel 42 may be stored for certain periods
without separation. Further, emulsions of the deaerated
water 15 and the liquid fuel 42 may be formed using only
simple mechanical mixing, as with the liquid fuel mixer
52 or the pilot fuel mixer 64, without use of any additional
additives, such as surfactants or polymer stabilizers. In
such emulsions, the liquid fuel 42 may be more uniformly
distributed in the deaerated water 15 compared to mix-
tures of the liquid fuel and water that is not deaerated.
For example, sizes of the droplets of the liquid fuel 42
may be less than approximately 20 micrometers, 15 mi-
crometers, 10 micrometers, 5 micrometers, or 1 microm-
eter.

[0020] Returning to FIG. 2, the emulsion of the liquid
fuel 42 and the deaerated water 15 from the liquid fuel
mixer 52 is supplied to main nozzles 80 of the combustor
16. The main nozzles 80 may constitute a portion of the
fuel nozzles 12 and may discharge the emulsion at high,
or normal, flow rates. The emulsion of the liquid fuel 42
and the deaerated water 15 from the pilot fuel mixer 64
is supplied to pilot nozzles 82 of the combustor 16. The
pilot nozzles 82 may constitute another portion of the fuel
nozzles 12 and may discharge the emulsion at low, or
startup, flow rates. For example, the pilot nozzles 82 may
be used during startup of the combustor 16, after which
the main nozzles 80 are used. Accordingly, the pilot noz-
Zles 82 may be smaller than the main nozzles 80. Thus,
the pilot nozzles 82 may be limited to passing lower flow
rates of the emulsion compared to the main nozzles 80.
For example, the flow rate of the emulsion through the
pilot nozzles 82 may be between approximately 5 percent
to 50 percent, 10 percent to 35 percent, or 15 percent to
25 percent of a flow rate through the main nozzles 80. In
some embodiments, the pilot nozzles 82 may be used
together with, or at the same time as, the main nozzles
80. In addition, the combustor 16 may include additional
fuel nozzles 12 to supply the gaseous fuel 66.

[0021] In certain embodiments, the turbine fuel supply
system 40 may include a controller 84, which may send
and/or receive various signals along signal paths 86. In
the following discussion, the signals sent or received
along the signal paths 86 will also be referred to by the
reference numeral 86. For example, the controller 84 may
send signals 86 to one or more of the liquid fuel supply
valve 46, the liquid fuel mixing valve 50, the pilot fuel
supply valve 56, the pilot fuel mixing valve 62, the gas-
eous fuel supply valve 68, the liquid fuel water mixing
valve 76, and the pilot fuel water mixing valve 78 to direct
the valves to adjust, open, or close. In addition, the con-
troller 84 may receive a signal 86 from a NO, sensor 88
that senses a NO, concentration of the exhaust 20. In
other embodiments, the sensor 88 may be configured to
sense other parameters of the exhaust 20, such as, but
not limited to, SO, concentration, CO concentration, par-
ticulate concentration, temperature, pressure, flow rate,
and so forth. In certain embodiments, the controller 84
may adjust a ratio of the liquid fuel 42 to the deaerated
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water 15 if a sensed level of the NO, concentration from
the NO, sensor 88 is above a threshold level of the NO,
concentration. For example, if the NO, sensor 88 senses
aNO, concentration above the threshold level of the NO,
concentration, the controller 84 may send a signal 86 to
the liquid fuel water mixing valve 76 and/or deaerated
water pilot fuel mixing valve 78 to open more to enable
additional deaerated water 15 to flow to the liquid fuel
mixer 52 and/or the pilot fuel mixer 64, respectively. By
increasing the flow of the deaerated water 15 to the liquid
fuel mixer 52, the ratio of the liquid fuel 42 to the deaer-
ated water 15 decreases, thereby decreasing the NO,
concentration of the exhaust 20. In certain embodiments,
the ratio of the liquid fuel 42 to the deaerated water 15
may be, for example, between approximately 0.5:1 to
0.7:1, 0.4:1 t0 0.8:1, or 0.3:1 to 1:1. Similarly, if the NO,
sensor 88 senses a NO, concentration below the thresh-
old level of the NO, concentration, the controller 84 may
send a signal 86 to the liquid fuel water mixing valve 76
and/or deaerated water pilot fuel mixing valve 78 to close
partially to reduce the flow of the deaerated water 15 to
the liquid fuel mixer 52 and/or the pilot fuel mixer 64,
respectively.

[0022] Similarly, in other embodiments, the controller
84 may receive signals 86 from a deaerated water tem-
perature sensor 90 and/or a deaerated water pressure
sensor 92. The controller 84 may send signals 86 to the
liquid fuel water mixing valve 76 or the pilot fuel water
mixing valve 78 in response to signals 86 received from
the deaerated water temperature sensor 90 and/or de-
aerated water pressure sensor 92. For example, if the
temperature of the deaerated water 15 increases, the
controller 84 may direct the liquid fuel water mixing valve
76 or the pilot fuel water mixing valve 78 to reduce the
flow rate of deaerated water 15 to the combustor 16. Sim-
ilarly, if the temperature of the deaerated water 15 de-
creases, the controller 84 may direct the liquid fuel water
mixing valve 76 or the pilot fuel water mixing valve 78 to
increase the flow rate of deaerated water 15 to the com-
bustor 16. In certain embodiments, the controller 84 may
adjust the temperature and/or pressure of the deaerated
water 15 in response to signals 86 from the deaerated
water temperature sensor 90 and/or deaerated water
pressure sensor 92. For example, the controller 84 may
send a signal 86 to the source of the deaerated water 15
to maintain the deaerated water 15 at a temperature be-
tween approximately 100 degrees Celsius to 175 de-
grees Celsius, or 125 degrees Celsius to 150 degrees
Celsius. In other embodiments, the controller 84 may ad-
just the flow rate of deaerated water 15 to maintain a
temperature of the emulsion by sending signals 86 to the
deaerated water mixing valves 76 or 78. For example,
the controller 84 may adjust the flow rate of deaerated
water 15 to maintain the emulsion at a temperature be-
tween approximately 75 degrees Celsius to 150 degrees
Celsius, or 100 degrees Celsius to 125 degrees Celsius.
[0023] FIG. 3 is a block diagram of a heat recovery
steam generator (HRSG) 100 that may be used to supply
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the deaerated water 15. In a gas turbine combined cycle
(GTCC) power plant, for example, heated exhaust gas
from the gas turbine engine may be transported into the
HRSG 100 and used to heat water to produce steam. In
other embodiments, other sources of heat may be used
by the HRSG 100 to produce steam. The HRSG 100 may
include one or more sections arranged in different con-
figurations. For example, in one embodiment, the HRSG
100 may include a low-pressure steam section, an inter-
mediate-pressure steam section, and a high-pressure
steam section. Accordingly, each section of the HRSG
100 may include a steam drum. In the illustrated embod-
iment, the HRSG 100 may include a low-pressure drum
102, an intermediate-pressure drum 104, and a high-
pressure drum 106. Each of the drums 102, 104, and 106
may be used to separate steam from condensate in the
respective sections of the HRSG 100. In other words,
condensate may flow from the bottom of the steam drum
and steam may flow from the top of the steam drum. In
further embodiments, other types of heat exchangers
may be used to supply the deaerated water 15. Such
exchangers may be found in a variety of plants other than
the GTCC power plant.

[0024] In certain embodiments, the HRSG 100 is sup-
plied with deaerated water from a deaerating condenser
to help prevent corrosion inside the HRSG 100. Exam-
ples of deaerating condensers include, but are not limited
to, tray-type deaerators and spray-type deaerators. In
the HRSG 100, heat from the heated exhaust gas, or any
other source of heat, converts the deaerated water into
steam, which forms deaerated water again when con-
densed and collected in the drums 102, 104, and 106.
Thus, a portion of the condensate from the drums 102,
104 and 106 may be supplied to the turbine fuel supply
system 40 as deaerated water 15. As certain embodi-
ments of the HRSG 100 already include the deaerating
condenser, no additional deaerator is used to supply the
deaerated water 15 to the turbine fuel supply system 40.
Instead, a portion of deaerated water already produced
by the HRSG 100 is used to supply the deaerated water
15 to the turbine fuel supply system 40. Thus, additional
equipment, costs, and complexity associated with a sep-
arate deaerator for the turbine fuel supply system 40 may
be avoided by using a portion of the deaerated water
from the HRSG 100 as the deaerated water 15 to the
turbine fuel supply system 40. In plants other than the
GTCC power plant, other heat exchangers, or similar
equipment, may be available to produce the deaerated
water 15 supplied to the turbine fuel supply system 40.
In further embodiments, deaerators using tray-type con-
densers, spray-type condensers, or other techniques
may be used to supply the deaerated water 15.

[0025] In certain embodiments, the liquid fuel 42 may
be supplied to the combustor 16 at a high pressure to
provide for efficient combustion. For example, the pres-
sure of the liquid fuel 42 may be between approximately
8000 kilopascals (kPa) to 10000 kPa, 8400 kPa to 9600
kPa, or 8800 kPa to 9200 kPa. Accordingly, the deaer-



11 EP 2 587 022 A2 12

ated water 15 may be supplied to the liquid fuel and pilot
fuel mixers 52 and 64 at similar or higher pressures to
enable the deaerated water 15 to mix properly with the
liquid fuel 42. For example, a pressure of the deaerated
water 15 from the high-pressure drum 106 may be be-
tween approximately 11000 kPa to 20000 kPa, 14000
kPa to 18000 kPa, or 16000 kPa to 17000 kPa. Thus,
the deaerated water 15 from the high-pressure drum 106
may be supplied directly to the deaerated water manifold
74.In contrast, a pressure of the deaerated water 15 from
the low-pressure drum 102 or the intermediate pressure
drum 104, which may be limited by the configuration of
the HRSG 100, may be less than that of the liquid fuel
42. For example, a pressure of the deaerated water 15
from the intermediate-pressure drum 104 may be be-
tween approximately 4700 kPa to 8000 kPa, 5500 kPa
to 7500 kPa, or 6000 kPa to 7000 kPa. Additionally, a
pressure of the deaerated water 15 from the low-pressure
drum 102 may be between approximately 2000 kPa to
2760 kPa, 1400 kPa to 4120 kPa, or 680 kPa to 5600
kPa. Thus, a first booster pump 108 may be used to in-
crease the pressure of the deaerated water 15 from the
low-pressure drum 102 to a pressure closer to that of the
liquid fuel 42. Similarly, a second booster pump 110 may
be used to increase the pressure of the deaerated water
15from the intermediate pressure drum 104 to a pressure
closer to that of the liquid fuel 42. In certain embodiments,
the pressure of the deaerated water 15 from the interme-
diate pressure drum 104 may be close enough to the
pressure of the liquid fuel 42 to omit the second booster
pump 110. In addition, in certain embodiments, if the
amount of deaerated water 15 supplied by the low pres-
sure drum 102 is insufficient or to provide additional op-
erational flexibility, a portion 112 of the intermediate pres-
sure condensate may be routed from the intermediate
pressure drum 104 to the low-pressure drum 102, there-
by omitting the second booster pump 110.

[0026] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.

Claims
1. A system, comprising:

a turbine fuel supply system (40), comprising:
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a first turbine fuel mixer (52) configured to
mix a first liquid fuel (42) and a first deaer-
ated water (15) to generate a first fuel mix-
ture, wherein the first fuel mixture is config-
ured to combust in a combustor (16) of a
gas turbine engine (10);

a deaerated water flow path (70) configured
to route the first deaerated water (15) to the
first turbine fuel mixer (52); and

a liquid fuel flow path (44) configured to
route the first liquid fuel (42) to the first tur-
bine fuel mixer (52).

2. The system of claim 1, wherein the first turbine fuel
mixer (52) comprises at least one of a mixing tee, an
in-line mixer, a static mixer, a paddle mixer, a blend-
er, or a ribbon blender, or a combination thereof.

3. The system of claim 1 or claim 2, comprising a water
treatment system (72, 74) configured to supply the
firstdeaerated water (15) to the first turbine fuel mixer
(52) along the deaerated water flow path (70).

4. The system of any of claims 1 to 3, comprising a heat
recovery steam generator configured to supply the
firstdeaerated water (15) to the first turbine fuel mixer
(52) along the deaerated water flow path (70).

5. The system of claim 4, wherein the heat recovery
steam generator (100) is configured to generate the
first deaerated water (15).

6. The systemofclaim 4 or claim 5, comprising a boost-
er pump (108) configured to increase a pressure of
the first deaerated water (15) from a low-pressure
section (102) or an intermediate-pressure section
(104) of the heat recovery steam generator (100).

7. The system of any preceding claim, wherein the first
turbine fuel mixer (52) is configured to mix the first
liquid fuel (42) and the first deaerated water (15) to
generate a first emulsion of the first liquid fuel (42)
and the first deaerated water (15) as the first fuel
mixture.

8. The system of any preceding claim, comprising:

a second turbine fuel mixer (64) configured to
mix a second liquid fuel (66) and a second de-
aerated water to generate a second fuel mixture,
wherein the second fuel mixture is configured to
combustin the combustor (16) of the gas turbine
engine (10), the first fuel mixture is a pilot fuel
mixture, and the second fuel mixture is a main
fuel mixture.

9. The system of any preceding claim, wherein the de-
aerated water flow path (70) comprises a deaerated
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water manifold (74) configured to route the first de-
aerated water to a plurality of mixing assemblies (49)
of the gas turbine engine.

The system of claim 9, wherein each of the plurality
of mixing assemblies (49) comprises one of a plu-
rality of the first turbine fuel mixers (52), one of a
plurality of deaerated water mixing valves (72), and
one of a plurality of liquid fuel mixing valves (50).

The system of any preceding claim, further compris-
ing:

a byproduct sensor (88) configured to transmit
an input signal (86) indicative of a sensed by-
product concentration in an exhaust from a gas
turbine engine (10); and

a byproduct controller (84) configured to receive
the input signal (86) from the byproduct sensor
(88) and transmit an output signal (86) to the
turbine fuel supply system (40), the turbine fuel
supply system (40) is responsive to the output
signal (86), to adjust a fuel-water ratio in the mix-
ture of the liquid fuel (42) and a deaerated water
(15) if the sensed byproduct concentration is
above a threshold level.

The system of claim 11, wherein the byproduct com-
prises at least one of nitrogen oxide (NO,), sulfur
oxide (SO,), carbon monoxide, or particulate matter,
or a combination thereof.

A method, comprising:

supplying a liquid fuel (42) to a mixer (52);
supplying a deaerated water (15) to the mixer
(52);

mixing the liquid fuel (42) with the deaerated wa-
ter (15) using the mixer (52) to generate a mix-
ture of the liquid fuel (42) and the deaerated wa-
ter (15); and

supplying the mixture of the liquid fuel (42) and
the deaerated water (15) to a combustor of a
gas turbine engine (10).

The method of claim 13, comprising adjusting a ratio
of the liquid fuel (42) to the deaerated water (15) in
the mixture or adjusting a temperature or a pressure
of the deaerated water (15) to control a byproduct
concentration in products resulting from combustion
of the mixture.

The method of claim 13 or 14, wherein mixing the
liquid fuel (42) with the deaerated water (15) com-
prises using the mixer (52) to generate an emulsion
of the liquid fuel (42) and the deaerated water (15).
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